The leucocyte data on four malnourished children who died suddenly when high-energy feeding was started were retrospectively analysed. The pretreatment rate constant for sodium efflux in leucocytes was higher and the intracellular sodium concentration lower in this group than in 13 malnourished children who recovered uneventfully with feeding. Two other children with unusual leucocyte electrolyte values and sodium pump activity were identified and closely monitored when high-energy treatment was begun. They rapidly developed the syndrome of extracellular fluid overload but were successfully treated with diuretics and digoxin. Though the precise relation between the findings in the leucocytes and the development of this overload syndrome is not clear, the pretreatment leucocyte values are nevertheless valuable in predicting which malnourished children are at risk of sudden death when refeeding is started.
Introduction
Leucocytes from malnourished children have slow sodium pumps. Compared with values in children showing clinical recovery, the rate constant for sodium efflux is low, the glycosidesensitive sodium flux rate is diminished, the intracellular sodium concentration is raised, and the intracellular potassium concentration is decreased.' 2This paper describes several malnourished children who did not show this pattern. Instead they had an increased rate constant for sodium efflux and low intracellular sodium values. This group is at risk of sudden death during the start of high-energy feeding.
Patients and methods
Sodium pump activity in leucocytes was measured all the malnourished children when they were on a maintenance diet.
Measurements of sodium pump activity-The leucocytes were prepared and the rate constant for sodium efflux and intracellular sodium and potassium were measured as described.' Intracellular sodium and potassium concentrations (mmol/kg of dry solids) can be measured more simply as follows. Leucocytes should be prepared by the dextran sedimentation method.3 The leucocytes should be washed with iso-osmolar magnesium chloride to remove extracellular sodium and potassium and the cell pellet dried, weighed, extracted in 0 1-M nitric acid, and the sodium and potassium concentrations measured. Since the sodium and potassium ions and the dry weight in the final specimen are more than 950o intracellular, an extracellular fluid correction is unnecessary. These approximations lead to values within 50,, of those obtained with an extracellular fluid correction.
Rehabilitation diet-This contained arachis oil 55 ml/l and a proprietary cows' milk formula, which provided 35 g protein and 5 6 MJ (1350 kcal) per litre of feed. During rehabilitation the children were fed ad libitum and took 0-5-1-25 MJ/kg/24 h (120-300 kcal/kg/24 h).
Four of the children died when high-energy feeding was started. Their pretreatment data were therefore analysed, and two other children with the same pattern of rate constants and sodium values were identified. They were monitored carefully when feeding began and successfully treated with diuretics and digoxin. The following case reports give brief details of the four children who died after the onset of high-energy feeding and more detailed histories of the two who showed the same syndrome but survived. During the first week his condition slowly deteriorated-in particular, he became more apathetic and required feeding by nasogastric tube. On the eighth day in hospital his energy intake exceeded maintenance requirements and he was noted to be sitting up and more alert. On examination in the late afternoon, however, he was dyspnoeic with tachycardia, raised venous pressure, and a gallop rhythm. He rapidly became moribund, passed several watery stools in quick succession, while his abdomen became distended with visible peristalsis and a few high pitched bowel sounds. He was examined often during the day but bowel sounds were never absent. The diarrhoea and abdominal signs were the most prominent features, but because of the previous fatal cases he was treated with a single parenteral dose of frusemide (10 mg) and digoxin (01 mg). The tachycardia and tachypnoea subsided over eight hours. In this acute episode he passed 13 watery stools in eight hours and lost 160 g in weight. Thereafter the stools again became normal in frequency and consistency. His subsequent recovery was slow but complete. CASE 6 This 14-month-old girl presented with a history of having been unwell with intermittent diarrhoea and colds for three months. Over the few days before admission she had developed oedema. She had weighed 3900 g at birth, and she had been intermittently breast-fed for five months with supplements of dilute proprietary milk and dilute cornmeal porridge. She looked extremely ill and apathetic with sparse thin red hair, generalised flaky dermatitis, angular stomatitis, and ulceration of the perineum. The mucous membranes were dry, yet she had gross generalised oedema. Her liver was palpable 4 cm below the costal margin. There was no evidence of infection. A chest radiograph showed nothing abnormal. Haemoglobin was 81 g/dl, white cell count 8-9 x 109/1, plasma sodium 140 mmol (mEq)/l, potassium 4 5 mmol (mEq)/l, and albumin 18 8 g/l.
She was treated initially with a diet providing maintenance amounts of energy and protein together with supplements of potassium, magnesium, iron, folic acid, and vitamins. On this regimen she lost all her oedema-a weight loss of 2 1 kg (25 30, of her initial weight)-in two weeks and her serum albumin rose to 214 g/l (an amount compatible with the concentrating effect of loss of oedema). Her energy intake was increased above maintenance levels on the 14th day in hospital. Forty-eight hours later her respiratory rate rose from 30 to 70/min and her pulse rate from 120 to 160/min. Venous pressure was also raised. She was given a single dose of digoxin and the respiratory rate fell to normal over 10 hours. The treatment had to be repeated 48 hours later, after which no further cardiovascular problems occurred. The child made a steady recovery thereafter apart from an episode of measles. 
Results

Discussion
This group of children who did not show the slow sodium pump in leucocytes that is usually associated with severe malnutrition were identified by retrospective analysis of pretreatment sodium transport measurements. After finding significant differences between the children who died and those who survived we predicted from their leucocyte sodium transport values that two other children would develop the syndrome. We therefore monitored them carefully and treated them successfully. Most children who die in hospital with protein energy malnutrition die within the first 48 hours, before refeeding has started. These children were at risk only after refeeding had started.
Once high-energy feeding had begun it took no longer than two hours for the children's condition to change from apparent cardiovascular normality to definite and life-threatening pulmonary congestion, with the additional features of watery diarrhoea and abdominal distension. It is unclear whether this syndrome develops only after treatment with an energy-dense oil-supplemented diet, but both the children who survived developed the syndrome within 48 hours of starting this rehabilitation diet. The respiratory and pulse rate often rose transiently in this period in the other four children, especially in those who presented with kwashiorkor. Even though marasmus is the more common form of malnutrition in Jamaica, five of the six children had an initial diagnosis of kwashiorkor. It is perhaps not surprising that patients who had been oedematous were more likely to develop an "overload" syndrome.
Cardiovascular problems during refeeding have been described before, though some of the features differ from the syndrome described here. In Uganda heart failure tended to occur in children with haemoglobin values below 7-0 g/dl who had been receiving about 4-0 mmol of sodium/kg body weight/day.6 A diet providing 10 mmol/kg/day was not associated with heart failure. The -diet we used provided about 1-0-1-5 mmol sodium/ kg/day, and severe anaemia is not as common in Jamaica as in Uganda.. In some patients-for example, cases 2 and 4-we missed the preceding cardiorespiratory symptoms because we focused on the diarrhoea, which we treated with conventional fluid treatment for gastroenteritis. Diarrhoea occurred in several of these children, and in case 5 it disappeared as abruptly as it had begun. This abrupt onset and cessation remains unexplained.
Before we saw the development of the syndrome in cases 5 and 6 we discussed whether we should digitalise these children who 1053 were at risk of sudden death. It was argued that since the prognostic finding was a relatively fast sodium pump and normal intracellular electrolytes, digoxin would convert the cells to a more "normally malnourished" state-that is with a lower rate constant for sodium efflux and a higher intracellular sodium. We decided, however, that we should first observe carefully and avoid giving a potentially dangerous drug for entirely theoretical reasons. Once it was apparent that the syndrome was one of extracellular fluid overload digoxin and diuretics were given.
Unfortunately the yield of leucocytes in the last two children was small and it was therefore not possible to measure the oubain-insensitive proportion of transport. This does not invalidate the prognostic value of the measurements but it does make it difficult to discuss the effect on the energy-consuming portion of sodium transport. The effectiveness of the treatment and the reduction in the rate constant for sodium efflux after digoxin treatment suggest that the initial high rate constants were in fact largely the glycoside-sensitive portion.
The precise relation between the findings in the leucocyte and the development of this particular "recovery syndrome" is not clear. Malnourished children are at risk of pulmonary congestion for several reasons. Their cardiac outputs are low and renal function is impaired,7-9 but both these defects tend to recover in the first few days. The problem is to explain the origin of the sodium necessary to expand the extracellular space and the speed with which the syndrome develops. What we observed in the leucocyte studies during the maintenance period may have been the potential for recovery. The leucocyte studies are essentially in vitro because it takes about 70 minutes from collection before the final measurements can be made. During this time the cells are exposed to physiological saline and normal glucose concentrations. In this period low adenosine triphosphate (ATP) levels might be corrected. Garay and Garrahan'5 have shown in the red cell that low ATP levels depress the activity of the sodium pump, and ATP levels are known to be low in leucocytes obtained from malnourished children.'1 The phenomenon we have observed is unlikely to be a basic cardiac problem, because the syndrome occurs as the cardiac features are resolving and it would not explain the other features of the syndrome such as the profuse diarrhoea and abdominal distension.
Whatever the physiological basis, it is important to be aware that these problems tend to occur in the first few days of rehabilitation with a high-energy intake. By carefully observing pulse and respiration rates it should be possible to start treatment appropriately. As the site of infection is usually at or above the normal body temperature, the use of a test at a lower temperature (30-C) is anomalous. Moreover, many "heteroresistant" strains of Staph aureus, which appear sensitive to methicillin when tested at 37'C but resistant when tested at 30;'C, seem, on diffusion tests, to be sensitive or relatively sensitive to cloxacillin and flucloxacillin at both 30°C and 37°C. The irregularity of results on testing such strains for sensitivity to cloxacillin has led to the further anomaly of using methicillin as the sensitivity test agent when cloxacillin or flucloxacillin are the antibiotics used for treatment. 6 Increasing proportions of Staph aureus isolated from burns in our unit (57"'o in 1972) have been found to be resistant to methicillin when tested by a ditch plate diffusion test at 300C.7 Controlled trials soon after the introduction of methicillin and cloxacillin showed that in about 80%o of patients sensitive strains of Staph aureus were eliminated from burn sites covered with dressings after a course of subcutaneous methicillin8 or five days' oral treatment with cloxacillin.9 To assess the clinical sensitivity or resistance of strains of Staph aureus described as methicillin-resistant by standard tests at 30°C, we performed a controlled trial of oral flucloxacillin in patients whose burns were colonised by such staphylococci and were covered with dressings.
Method
The burns of patients in the burns unit were routinely examined'0 for bacterial flora at every change of dressing. Strains of Staph aureus picked from horse blood agar plates and identified by a tube coagulase test were examined by a ditch plate test for their sensitivity to methicillin at 30'C and 37°C, with 25 flg of the antibiotic per ml of nutrient agar in the ditch. A few strains were also tested by a tube dilution method with methicillin and flucloxacillin at 30'C and 37°C; 0 02 ml of a 1/250 dilution of an overnight broth culture was used as the inoculum. They were also tested by a disc diffusion test, using Mast discs of methicillin (10 jLg) and flucloxacillin (5 ,ug) at 30'C and at 37'C and a 1/250 dilution of an overnight broth culture as the plate inoculum. The tests were read after 18 hours' incubation; tests at 37°C were reincubated at 37°C and read again after 42 hours. The medium used for the tests was horse blood agar.
None of the patients studied had signs of clinical infection. Their bums were treated with dressings and were found to be heavily or moderately colonised with Staph aureus that was resistant to methicillin at 30'C, as shown by growth across the ditch, and of reduced or
